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(57) ABSTRACT 

A heater is disposed in contact With a hydrogen storage unit 
?lled With a hydrogen absorption material. The heater 
includes at least one combustion chamber Which includes a 
catalyst carrier and in Which a combustible gas is burned, a 
combustible gas burning catalyst carried on the catalyst 
carrier, at least one combustible gas introduction chamber 
adjoining the combustion chamber With its chamber Wall 
interposed therebetWeen, a plurality of combustible gas 
inlets disposed in a dispersed manner in the chamber Wall to 
permit the combustion chamber and the introduction cham 
ber to communicate With each other, and a combustion gas 
outlet communicating With the combustion chamber. Thus, 
the degree of uniformity of a temperature pro?le is 
decreased. 

9 Claims, 16 Drawing Sheets 
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HEATER FOR HYDROGEN STORAGE 
SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a heater for a hydrogen 
storage system, and particularly to a heater Which is dis 
posed in contact With a hydrogen storage unit ?lled With a 
hydrogen-absorption material and Which is used to release 
hydrogen from the hydrogen storage unit. 

2. Description of the Related Art 

A conventionally knoWn heater includes a combustion 
chamber Where a combustible gas is burned, a honeycomb 
structure serving as a catalyst carrier ?tted in the combustion 
chamber, a combustible gas burning catalyst carried on inner 
peripheral surfaces of cells in the honeycomb structure, and 
a combustible gas inlet and a combustion gas outlet com 

municating With the combustion chamber (see, for example, 
Japanese Patent Application Laid-open No. 9-227101). 

HoWever, the conventionally knoWn heater suffers from 
the folloWing disadvantage: the catalyst is provided suffi 
ciently and substantially uniformly on the entire inner 
peripheral surfaces; thus, most of a combustible gas ?oWing 
into each of the cells is burned at a ?oW-in region of the 
heater, and a reduced amount of the combustible gas reaches 
a deeper portion of the heater; as a result, the temperature in 
the heater is higher in the combustible gas ?oW-in region of 
the heater, and a large temperature gradient is produced in 
the heater; resulting in a large degree of ununiforrnity of a 
temperature pro?le. Under such a situation, releasing of 
hydrogen cannot be conducted With a good ef?ciency. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
provide a heater of the above-described type, Wherein the 
degree of ununiforrnity of the temperature pro?le can be 
decreased. 

To achieve the above object, according to the present 
invention, there is provided a heater for a hydrogen storage 
system, Which is disposed in contact With a hydrogen storage 
unit ?lled With a hydrogen-absorption material. The heater 
comprises at least one combustion chamber Which includes 
a catalyst carrier and in Which a combustible gas is burned, 
a combustible gas buming catalyst carried on the catalyst 
carrier, at least one combustible gas introduction chamber 
adjoining the combustion chamber With its chamber Wall 
interposed therebetWeen, a plurality of combustible gas 
inlets disposed in a dispersed manner in the chamber Wall to 
permit the combustion chamber and the introduction cham 
ber to communicate With each other, and a combustion gas 
outlet communicating With the combustion chamber. 

With the above arrangement, the combustible gas can be 
supplied through the plurality of inlets arranged in the 
dispersed manner into the combustion chamber, and com 
bustion of the combustible gas can be caused over the entire 
combustion chamber. Thus, it is possible to decrease the 
degree of ununiforrnity of the temperature pro?le in the 
heater. 

The above and other objects, features and advantages of 
the invention Will become apparent from the folloWing 
description of the preferred embodiment taken in conjunc 
tion With the accompanying draWings. 
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2 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective vieW of a ?rst embodiment of a 
hydrogen storage system according to the present invention 
With an essential portion broken aWay. 

FIG. 2 is a vertical sectional vieW of the essential portion 
of the system, corresponding to a sectional vieW taken along 
a line 2i2 in FIG. 5. 

FIG. 3 is an enlarged vieW of the essential portion shoWn 
in FIG. 2. 

FIG. 4 is a sectional vieW taken along a line 4i4 in FIG. 
3. 

FIG. 5 is a sectional vieW taken along a line SiS in FIG. 
3. 

FIG. 6 is a sectional vieW taken along a line 6i6 in FIG. 
3. 

FIG. 7 is an enlarged sectional vieW taken along a line 
7i7 in FIG. 6. 

FIG. 8 is a sectional vieW similar to FIG. 3, but shoWing 
an essential portion of a second embodiment of the hydrogen 
storage system. 

FIG. 9 is an enlarged vieW of the essential portion shoWn 
in FIG. 8. 

FIG. 10 is a sectional vieW similar to FIG. 3, but shoWing 
an essential portion of a third embodiment of the hydrogen 
storage system. 

FIG. 11 is a sectional vieW taken along a line Hill in 
FIG. 10. 

FIG. 12 is a sectional vieW taken along a line 12i12 in 
FIG. 10. 

FIG. 13 is a sectional vieW taken along a line 13i13 in 
FIG. 10. 

FIG. 14 is a sectional vieW similar to FIG. 3, but shoWing 
an essential portion of a fourth embodiment of the hydrogen 
storage system. 

FIG. 15 is a sectional vieW taken along a line 15i15 in 
FIG. 14. 

FIG. 16 is a sectional vieW taken along a line 16i16 in 
FIG. 15. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention Will noW be described by Way of 
embodiments With reference to the accompanying draWings. 

FIGS. 1 to 7 shoWs a ?rst embodiment of a heater 2 in a 
hydrogen storage system 1. The hydrogen storage system 1 
includes a pressure-resistant outer cylinder 3 made of a 
stainless steel and having a circular cross section. At least 
one (one in the embodiment) cylindrical hydrogen storage 
module 6 is accommodated Within the outer cylinder 3 in 
such a manner as to be placed apart from an inner peripheral 
surface of an outer peripheral Wall 4 of the outer cylinder 3 
to provide a hydrogen passage 5 therebetWeen. The cylin 
drical hydrogen storage module 6 comprises a lamination 7 
of a plurality of hydrogen storage units 9 each ?lled With a 
poWdery hydrogen-absorption material HSM and having a 
hydrogen absorption desorption surface 8 on a Whole outer 
peripheral surface, While interposing a heater 2 betWeen the 
adjacent hydrogen storage units 9. Thus, each of the heaters 
2 is disposed in contact With the hydrogen storage units 9. 
Hydrogen storage alloy (for example, a Mg alloy such as 
Mg2Ni) or carbon With a nanostructure is used as the 
hydrogen-absorption material HSM. The heaters 2 is pro 
vided on a top surface of the uppermost hydrogen storage 
unit 9 and on a bottom surface of the loWermost hydrogen 
storage unit 9, respectively, as required. 
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As best shown in FIGS. 2 and 3, the hydrogen storage unit 
9 includes a stainless steel cylinder 11 having a center 
through hole 10 round its axis. The cylinder 11 is ?lled With 
the poWdery hydrogen-absorption material HSM, and 
includes a holloW shaft 12 having the center through hole 10, 
top and bottom Walls 13 and 14 formed integrally With each 
end of the holloW shaft 12, a porous ?lter 15 joined by 
Welding or the like betWeen opposed outer peripheries of the 
top and bottom Walls 13 and 14 to form an outer peripheral 
Wall. The ?lter 15 has a number of pores having a diameter 
of, for example, 0.1 to 10 um, through Which hydrogen 
passes so that the Whole outer peripheral surface constitutes 
the hydrogen absorption desorption surface 8. 
As best shoWn in FIGS. 2 to 4, the top Wall 13 includes 

an annular projection 16 at its outer peripheral edge that 
extends upWard. A pair of peripheral through holes 17 With 
small diameters are located near the projection 16 in align 
ment With the center through hole 10. The bottom Wall 14 
has a structure similar to a structure obtained by turning the 
top Wall 13 upside doWn, and includes an annular projection 
18 at its outer peripheral edge that extends doWnWard. A pair 
of peripheral through holes 19 are located near the projec 
tion 18 and coaxially With the tWo peripheral through holes 
17, respectively, of the top Wall 13. Connecting unit pipes 20 
made of stainless steel are disposed in the tWo sets of the 
peripheral through holes 17 and 19 situated coaxially With 
the top and bottom Walls 13 and 14, and are joined around 
the bores by Welding or the like. 
A loWer end edge of each of the unit pipes 20 corresponds 

to an edge of an upper opening of each of the peripheral 
through holes 19, and a loWer opening 21 in the unit pipe 20 
is formed into a frustoconical shape With its larger diameter 
portion directed doWnWard. A top end 22 of the unit pipe 20 
project out of the top Wall 13 such that the top end 22 is 
positioned above the top surface of the annular projection 16 
of the top Wall 13, and is frustoconically shaped With its 
larger diameter portion also directed doWnWard so as to ?t 
in the loWer opening 21. 

In the lamination 7, the adjacent hydrogen storage units 9, 
speci?cally the brim surface of the annular projection 16 at 
the top Wall 13 of the loWer hydrogen storage unit 9 and the 
brim surface of the annular projection 18 at the bottom Wall 
14 of the upper hydrogen storage unit 9, are mated together 
and joined, for example, by Welding or the like. The frus 
toconical top end 22 of the unit pipe 20 at the loWer 
hydrogen storage unit 9 is ?tted into the frustoconical loWer 
openings 21 of the neighboring unit pipes 20 at the upper 
hydrogen storage unit 9. These steps is repeated using the 
unit pipes 20 to form tWo arrays of the unit pipes 20. The 
interior of the unit pipes 20 functions as a series of ?rst 
passages 23 for a combustible gas. A single pipe 24 made of 
a stainless steel is ?tted through the series of center through 
holes 10 in the hydrogen storage units 9, and the interior of 
the pipe 24 functions as a second passage 25 through Which 
a combustion gas produced by the combustion of the com 
bustible gas passes. BetWeen the adjacent hydrogen storage 
units 9, a housing 28 for the heater 2 is formed, Which shares 
the top and bottom Walls 14 and 13 as its bottom and top 
Walls. The housing 28 has an outer peripheral Wall 26 
formed by the joined annular projections 16 and 18, and an 
inner peripheral Wall 27 formed by a portion of the single 
pipe 24. TWo disk-shaped upper and loWer chamber Walls 29 
and 30 are disposed in an annular space Within the housing 
28. Each of the disk-shaped upper and loWer chamber Walls 
29 and 30 is made of a stainless steel or the like, and, as 
shoWn in FIG. 5, has tWo peripheral through holes 31 and a 
center through hole 32 into Which the unit pipes 20 and the 
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4 
single pipe 24 are ?tted, respectively, and an outer peripheral 
surface Which is in close contact With an inner peripheral 
surface of the outer peripheral Wall 26. The tWo upper and 
loWer chamber Walls 29 and 30 divide the inside of the 
housing 28 into three chambers. TWo of the three chambers 
function as upper and loWer combustion chambers 331 and 
332 Which are de?ned betWeen the bottom Wall 14 and the 
upper chamber Wall 29 and betWeen the top Wall 13 and the 
loWer chamber Wall 30 respectively, and in Which the 
combustible gas is burned, and the remaining one chamber 
functions as a combustible gas introduction chamber 34 
de?ned betWeen the upper and loWer chamber Walls 29 and 
30. Thus, the introduction chamber 34 adjoins the upper and 
loWer combustion chambers 331 and 332 With the upper and 
loWer chamber Walls 29 and 30 interposed therebetWeen. 
A pair of combustible gas introduction ports 35 are 

de?ned in portions of each of the unit pipes 20 facing the 
introduction chamber 34, and a plurality of combustible gas 
inlets 36 are de?ned in each of the upper and loWer chamber 
Walls 29 and 30 in such a manner that they are dispersed over 
the entire Walls 29 and 30 to permit the upper and loWer 
combustion chambers 331 and 332 to communicate With the 
introduction chamber 34. Further, four combustion gas out 
lets 37 are de?ned in portions of the single pipe 24 facing the 
upper and loWer combustion chambers 331 and 332, as also 
shoWn in FIG. 6. Each of the introduction ports 35 orients 
toWard a direction of arrangement of the center through hole 
32 and the peripheral through holes 31, namely, a direction 
intersecting a diametrical direction. TWo of the outlets 37 
orients toWard the diametrical direction, While the other tWo 
outlets 37 orients toWard the direction intersecting the 
diametrical direction. 
A disk-shaped porous heat-resistant material 38 is dis 

posed as a catalyst carrier Within the upper and loWer 
combustion chambers 331 and 332, respectively, and sand 
Wiched betWeen the bottom Wall 14 and the upper chamber 
Wall 29 and betWeen the top Wall 13 and the loWer chamber 
Wall 30, respectively. The heat-resistant material 38 is made 
of metal (for example, Ni), ceramic or the like and has tWo 
peripheral through holes 39 and a center through hole 40 
corresponding to the unit pipes 20 and the single pipe 24, 
respectively. As best shoWn in FIG. 7, a combustible gas 
burning catalyst 42 is carried on inner surfaces of continuous 
pores 41 in the heat-resistant material 38. 

In order to maintain the upper and loWer combustion 
chambers 331 and 332 and the introduction chamber 34, a 
plurality of spacers made of a metal such as stainless steel, 
Ni and the like, ceramic or the like are disposed Within each 
of the upper and loWer combustion chambers 331 and 332. 
The spacers are clamped betWeen the bottom Wall 14 and the 
upper chamber Wall 29; betWeen the upper and loWer 
chamber Walls 29 and 30; and betWeen the top Wall 13 and 
the loWer chamber Wall 30, respectively. More speci?cally, 
in each of the heat-resistant materials 38, an annular spacer 
43 having a larger diameter is ?tted betWeen an outer 
peripheral surface of each heat-resistant material 38 and the 
inner peripheral surface of the outer peripheral Wall 26; an 
annular spacer 44 having a smaller diameter is ?tted 
betWeen an inner peripheral surface of each peripheral 
through hole 39 and the outer peripheral surface of each unit 
pipe 20; and further, a quartered arcuate spacer 45 is ?tted 
betWeen the inner peripheral surface of the center through 
hole 40 and the outer peripheral surface of the single pipe 24 
so that it does not close each of the outlets 37. On the other 
hand, the folloWing spacers are located Within the introduc 
tion chamber 34: an annular spacer 46 Which has a larger 
diameter and Which is in close contact With the inner 
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peripheral surface of the outer peripheral Wall 26, a pair of 
arcuate spacers 47 disposed around the unit pipes 20 so that 
they do not close the introduction ports 35, and an annular 
spacer 48 Which has a smaller diameter and Which is in close 
contact With the single pipe 24. 
A mixed gas of, for example, hydrogen and oxygen (air 

may be used) may be used as the combustible gas, and 
platinum, palladium or the like may be used as the gas 
burning catalyst 42. 
As best shoWn in FIG. 1, ?rst, second and third connect 

ing pipes 50, 51 and 52 are retained on a top Wall 49 of the 
outer cylinder 3 to communicate With the top ends of the unit 
pipes 20 and the single pipe 24 as Well as an upper portion 
of a hydrogen passage 53. On the other hand, the ?rst and 
second connecting pipes 50 and 51 are retained on the 
bottom Wall 53 of the outer cylinder 3 to communicate With 
the loWer end portions of the unit pipes 20 and the single 
pipe 24. 

To release hydrogen absorbed in the poWdery hydrogen 
absorption material HSM in each of the hydrogen storage 
units 9, a mixed gas of hydrogen and air is supplied into each 
of the ?rst passages 23 through the loWer end thereof to pass 
through the passage 23, as shoWn in FIG. 2. In this process, 
the mixed gas is narroWed by the frustoconical top end 22 of 
the unit pipe 20, so that the mixed gas pool forms at a 
location doWnstream of the frustoconical top end 22. The 
mixed gas from the gas pool passes through the introduction 
ports 35 into the introduction chamber 34. The mixed gas 
?oWs in a jetted manner into the upper and loWer combus 
tion chambers 331 and 332 through the inlets 36 in the upper 
and loWer chamber Walls 29 and 30, Where it is burned 
Within the heat-resistant material 38 under the presence of 
the catalyst 42 such as platinum or the like. Thus, a com 
bustion heat and heated Water vapor serving as a combustion 
gas are produced, and the heated Water vapor passes via the 
outlets 37 through the second passage 25. 

In this case, the mixed gas can be supplied through the 
plurality of inlets 36 arranged in the dispersed manner into 
the upper and loWer combustion chambers 331 and 332, and 
the combustion of the mixed gas can be caused in the entire 
regions of the combustion chambers 331 and 332. Thus, the 
degree of ununiformity of the temperature pro?le of the 
heater 2 due to the combustion heat, can be decreased. 

In addition, since the upper and loWer combustion cham 
bers 331 and 332 are in direct contact With the upper and 
loWer hydrogen storage units 9, the combustion heat and 
thus the heat from the heater 2 is transmitted through Wide 
heat transfer surfaces of the combustion chambers 331 and 
332 to the poWdery hydrogen-absorption material HSM, and 
the heat of the heated Water vapor is transmitted through the 
single pipe 24 to the poWdery hydrogen-absorption material 
HSM. Therefore, the poWdery hydrogen-absorption material 
HSM is heated With a good ef?ciency, Which permits a rapid 
hydrogen desorption from the Wide hydrogen absorption 
desorption surface 8, and the thus-released hydrogen passes 
through the hydrogen passage 5. 

To absorb hydrogen into the poWdery hydrogen-absorp 
tion material HSM, hydrogen is introduced into the hydro 
gen passage 5. The hydrogen passes through the ?lter 15 in 
each of the hydrogen storage units 9 over the entire periph 
ery of the ?lter 15, and absorbed into the poWdery hydrogen 
absorption material HSM. In this case, cooling air is alloWed 
to pass through the ?rst passage 23, the introduction cham 
ber 34, the upper and loWer combustion chambers 331 and 
332 and the second passage 25 to cool the poWdery hydro 
gen-absorption material HSM With a good ef?ciency, 
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6 
Whereby the accumulation of heat in the poWdery hydrogen 
absorption material HSM is avoided. 

FIGS. 8 and 9 shoW a second embodiment of a heater 2 
in the hydrogen storage system 1. In this case, the catalyst 
carrier is inner surfaces s of upper and loWer combustion 
chambers 331 and 332, i.e., outer surfaces of the top and 
bottom Walls 13 and 14 in the embodiment, and a layer of 
a catalyst 42 is applied and formed on each of the outer 
surfaces. The other arrangement is substantially the same as 
in the ?rst embodiment and hence, portions or components 
corresponding to those in the ?rst embodiment are desig 
nated by the same reference numerals and symbols in FIG. 
8, and the detailed description of them is omitted. 

According to the second embodiment, an effect similar to 
that in the ?rst embodiment can be obtained. 

The ?rst and second embodiments may be modi?ed in 
such a manner that one of the upper and loWer combustion 
chambers 331 and 332 is omitted. 

FIGS. 10 to 13 shoW a third embodiment of a heater 2 in 
the hydrogen storage system 1. As in the previous embodi 
ments, a housing 28 for the heater 2 is formed betWeen the 
adjacent hydrogen storage units 9, the housing 28 sharing 
the top and bottom Walls 14 and 13 as its bottom and top 
Walls. The housing 28 has an outer peripheral Wall 26 
formed by the joined annular projections 16 and 18, and an 
inner peripheral Wall 27 formed by a portion of the single 
pipe 24. TWo disk-shaped upper and loWer chamber Walls 29 
and 30 are disposed in an annular space Within the housing 
28. Each of the disk-shaped upper and loWer chamber Walls 
29 and 30 is made of stainless steel or the like, and, as shoWn 
in FIGS. 11 and 12, has tWo peripheral through holes 31 and 
a center through hole 32 into Which the unit pipes 20 and the 
single pipe 24 are ?tted, respectively, and an outer peripheral 
surface Which is in close contact With an inner peripheral 
surface of the outer peripheral Wall 26. The tWo upper and 
loWer chamber Walls 29 and 30 divide the inside of the 
housing 28 into three chambers. TWo of the three chambers 
function as upper and loWer introduction chambers 341 and 
342 Which are de?ned betWeen the bottom Wall 14 and the 
upper chamber Wall 29 and betWeen the top Wall 13 and the 
loWer chamber Wall 30, respectively, and in Which the 
combustible gas is burned, and the remaining one chamber 
functions as a combustible gas introduction chamber 33 
de?ned betWeen the upper and loWer chamber Walls 29 and 
30. Thus, the upper and loWer introduction chambers 341 
and 342 adjoin the combustion chambers 30 With the upper 
and loWer chamber Walls 29 and 30 interposed therebe 
tWeen. 

The upper introduction chamber 341 is de?ned by an 
upWard-facing recess 56 de?ned in the upper chamber Wall 
29, and the bottom Wall 4 Which closes an opening of the 
recess 56. In the embodiment, the recess 56 comprises a 
plurality of grooves Which are symmetric With respect to a 
straight line L extending through three centers of the center 
through hole 32 and the tWo peripheral through holes 31, as 
best shoWn in FIG. 11. Namely, located on opposite sides of 
the straight line L are a pair of semi-arcuate grooves 57 
communicating at their opposite ends With the peripheral 
through holes 31; four pairs of arcuate grooves 58 extending 
from communication portions of the semi-arcuate grooves 
57 With the peripheral through holes 31 With the semi 
arcuate groove 57 interposed betWeen each pair of the 
arcuate grooves 58; and tWo pairs of short straight grooves 
59 each extending outWard from each of the peripheral 
through holes 31 along the straight line L in such a manner 
that the straight line L bisects the Width of the grooves 59. 






